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R411mutation in a single conserved residue
results in abolishment of mRNA
localization.
One exciting aspect of the paper is
a new method for rescuing maternal
effect mutations that could have wide
applicability for research on early
development in zebrafish. Early
embryonic cell biology is governed by
maternally inherited factors, as zygotic
gene expression is not activated in
zebrafish until the midblastula
transition that initiates about 10 cell
cycles into development [16].
Researchers therefore had to either
raise genetically manipulated adults or
inject protein shortly after fertilization
to alter the protein content of
cleavage-stage embryos [14]. In this
study, the authors injected mRNA into
immature oocytes. Once oocytes were
matured and fertilized in vitro [17], the
injected mRNA was fully expressed
(Figure 2) [6]. By injecting antisense
oligonucleotides into immature
oocytes it might be possible to also
knock down proteins of interest.
While similar methods have been
available for many years in Xenopus
laevis [18], zebrafish embryos
provide unique experimental
advantages, especially for live imaging.
The possibility to genetically
manipulate and image zebrafish
embryos during cleavage stages within
a day rather than months should
drastically increase the attractivenessof the zebrafish for early embryonic
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ChangerStimulation of excitatory cells in layer six of mouse visual cortex results in net
inhibition of the spiking of neurons in upper cortical layers; this ascending
intra-cortical drive provides a mechanism for gain modulation of
sensory-evoked responses.Mateo Ve´lez-Fort
and Troy W. Margrie
Since the seminal work of the early
neuroanatomists, and more recently of
physiologists [1], the significance of the
laminar organization of the neo-cortex
has been a subject of intense
investigation. Both in vivo and in vitro
studies indicate not only a richfunctional, genetic and morphological
diversity of neurons within [2] and
across layers [3] but also that intra- and
inter-laminar connectivity is cell type
and layer specific [4]. In work on
rodents, much of the experimental
focus has been on the whisker or barrel
cortical system, where there is a
somatotopic map of the vibrasse
receptive field. This primary sensoryarea benefits from having been
extensively mapped and its
cytoarchitecture specifies distinct
barrel columns—with known receptive
fields — that can be repeatedly
targeted in both the intact and sliced
brain preparation [5]. From the
wealth of electrophysiological and
morphological data on this region, it
is clear that there are stereotypical
patterns in intra- and inter-layer
connectivity and this has inspired the
first attempts to model the function of
a six-layered column of cortex [6]. But
the precise function of specific layers
and pathways within the cortex
remains to be elucidated. In a recent
study, Olsen et al. [7] have taken up this
challenge and used an optogenetic
approach to determine the effect of
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Figure 1. The projection pathway of layer six principal cells in the mouse visual cortex and
their function in cortical gain control as proposed by Olsen et al. [7].
(A) Ntsr1-positive cells in the mouse primary visual cortex are restricted to layer six. They send
axonal projections to cortical areas and the thalamus, including the nucleus reticularis thalami
(nRT), the dorso-lateral geniculate nucleus (dLGN) and the lateral-posterior mediorostral
thalamic nuclei (LPMR, not shown). Most ntsr1-negative neurons, if not all, project solely to
cortical areas. (B) Flashing blue or amber light onto the surface of the brain induces activation
(‘on’) of ntsr1+ Channelrhodopsin-expressing neurons and inactivation (‘off’) of ntsr1+
Halorhodopsin- or Archaerhodopsin-expressing neurons in layer 6. Action potential responses
to oriented drifting gratings were simultaneously recorded extracellularly in all cortical layers.
Photo-activation or inactivation of layer six during visual processing reduces (left panel blue
arrows) or enhances (right panel orange arrows) upper cortical layer activity, without altering
orientation preference or tuning. (C) Schematic representation of hypothetical intra-cortical
inhibitory circuits (red circles) recruited by ntsr1-positive pyramidal cells. The function and
neuronal targets of ntsr1-negative cells remain to be determined.
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R412activation of layer six cells on visual
processing in upper layers of the
mouse primary visual cortex (V1).
Layer six has thus far received
relatively little attention, but it is known
to contain at least two distinct
subtypes of principal neurons that
differ in their dendritic and axonal
projection patterns [8] (Figure 1A).
Cortico-cortical cells, which include
a wide range of morphological types,
from upright short pyramids to inverted
pyramids and bipolar cells, are
characterized by axonal projections
restricted to the cortex and extending
horizontally throughout cortical
layers [9]. Cortico-thalamic cells are
exclusively upright pyramidal cells
which extend their dendrites to layers
one or four and have axons projecting
to both upper cortical layers and the
thalamus [9,10]. These anatomical
dissimilarities suggest that layer sixcontains two classes of principal cell
that participate in distinct information
pathways.
Olsen et al. [7] genetically target
ntsr1-positive pyramidal cells — which
are exclusive to layer six in V1 and
representw65% of the total excitatory
neurons in this layer [7] — to express
the light-gated cationic channel
Channelrodhopsin [11,12]. The authors
obtained the surprising result that,
during visual stimulation using oriented
drifting gratings, photo-activation
of layer six led to a drastic decrease
of neuronal activity in upper layers
(Figure 1B). In contrast, when layer
six ntsr1-positive cells were silenced
by transfecting them with the inhibitory
light-driven chloride pump
Halorhodopsin [13], the activity of
upper cortical layers in V1 during visual
processing was significantly enhanced
(Figure 1B). The layer 6-evokedchanges in activity did not alter the
tuning profile or direction selectivity,
suggesting that layer six
cortico-thalamic cells play a key role in
controlling the gain of visual sensory
activity in upper layers of the primary
visual cortex.
The fact that photo-activation or
inactivation of layer six cells
respectively decreases or enhances
cortical activity suggests that inhibitory
circuits are recruited by these cells.
Most, if not all, of the light-activated
cells studied by Olsen et al. [7] are of
the cortico-thalamic type, including
a projection to the main inhibitory
thalamic nucleus nRT; thus,
photo-activation may affect visual
processing by recruiting local
di-synaptic inhibitory circuits in V1
and/or by participating in an inhibitory
cortico-thalamic feedback loop
(Figure 1A,C). To address this question,
Olsen et al. [7] recorded neuronal
activity simultaneously in the upper
layers of V1 and the primary thalamic
visual nucleus (dLGN). They found that
photo-activation of layer six cells first
suppressed neuronal activity in V1,
followed several milliseconds later by
a decrease in activity of the dLGN.
Also, layer six-evoked suppression of
activity was stronger in upper cortical
layers, suggesting that despite the
decreased activity in the dLGN, layer
six cortical gain control involves
predominantly inter-laminar circuits.
Early studies found that
pharmacological inactivation of layer 6
resulted in the loss of ‘end-inhibition’ in
upper cortical layers [14]. Although this
work did not elucidate the contribution
of specific neuronal types, it suggested
that layer six activity can shape visual
responsiveness through activation
of inhibitory pathways. The shear
diversity of interneurons in the cortex
[15] means there exists a large number
of possible cellular candidates for
mediating such di-synaptic inhibition.
Two possible long-range axonal
projecting types are the Martinotti and
low-threshold spiking interneurons
located in deep layers five and six [16].
Indeed, these cells are known to
be targeted by neighboring deep
pyramidal cells and send inhibitory
outputs to upper cortical layers,
spreading inhibition throughout the
cortex. Finally, parvalbumin-positive
interneurons have been recently shown
to linearly transform visual activity in
the cortex [17], making them a suitable
target to control the gain of cortical
Dispatch
R413activity locally within the upper
layers (Figure 1C).
Experimental and theoretical data
indicate that gain modulation serves to
improve the dynamic range of coding
and may be fundamental to non-linear
operations at both the single cell and
the network level [18]. Along these
lines, Olsen et al. [7] show that layer
six cortico-thalamic cells may play
a major role and open the door to
a new combinatorial approach to
directly address this issue. Combining
optogenetic stimulation with neuronal
recordings and behavior in rodents
will help establish the functional
significance of gain modulation in V1.
As the proportion of layer six
cortico-thalamic to cortical-cortical
cells is thought to be different in other
sensory areas— for example,w50% in
the barrel cortex versusw65% in V1
[7,9] — it will also be important to
perform similar experiments in other
areas and establish the generality of
gain control by layer six cells in
different cortical regions. Finally,
it is also well known that deep layer
cortico-cortical cells extend their
axons horizontally across cortical
layers, sensory modalities and even
hemispheres [19,20]. Addressing the
function of different classes of layer six
neurons at the cellular, circuit and
systems level will provide a complete
understanding of the overall
contribution of layer six to gainmodulation and sensory processing
in general.References
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